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1 Introduction
The SI [1] to support reduced capability devices in NR has been approved in RAN#86 with the goal to allow implementation of low-cost, low-power and small form-factor devices for given use-cases (IWSN, cameras, wearables). A similar study has been carried out in LTE [2] and most of the conclusions are still relevant and can serve as a guideline.
The following agreements have been reached in RAN1 101-e:
Agreements:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.
Agreements:
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.
Agreements:
The reference NR device for evaluation of cost/complexity reduction supports the following:
· All mandatory Rel-15 features (with or without capability signaling)
· Single RAT
· Operation in a single band at a time
· Maximum bandwidth:
· For FR1: 100 MHz for DL and UL
· For FR2: 200 MHz for DL and UL
· Antennas:
· For FR1 FDD: 2Rx/1Tx
· For FR1 TDD: 4Rx/1Tx
· For FR2: 2Rx/1Tx
· Power class: PC3
· Processing time: Capability 1
· Modulation:
· For FR1: support 256QAM for DL and 64QAM for UL
· For FR2: support 64QAM for DL and 64QAM for UL
· Access: Direct DL/UL access between UE and gNB
Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.

The following agreements have been reached in RAN1 102-e:
Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 
· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 
2 Discussion
2.1 UE Bandwidth reduction
Bandwidth reduction is one of the most important features to allow low-cost devices, since it can potentially reduce the costs of both RF and baseband components. 
In NR, a UE can be configured with up to 4 dedicated BWPs in DL and UL, with a single DL and UL being active at one time. Each BWP may have different bandwidth, numerology or frequency location. As per the definition in TS 38.300, with Bandwidth Adaptation (BA), the receiving and transmitting bandwidth of a UE need not be as large as the bandwidth of the cell and can be adjusted: the width can be ordered to change (e.g. shrink during period of low activity to save power); the location can move in the frequency domain (e.g. to increase scheduling flexibility); and the subcarrier spacing can be ordered to change (e.g. to allow different services).
When operating at a large bandwidth, the UE can be configured with multiple BWPs of different bandwidth sizes to accommodate different data rate services. For a REDCAP UE, it is likely to support BWs of 20MHz in FR1 and 50 to 100MHz in FR2. Since the bandwidth is reduced, it should be studied whether the maximum number of BWPs is the same as for legacy UEs.
Proposal 1: Study the maximum number BWPs for RedCap UEs.
The reduced capability UEs may include multiple device types, e.g., industrial sensors, video surveillance and wearables. The amount of RedCap UEs may be large in a cell. In current specifications, all DL common signals and channels before RRC connection establishment, e.g. SSB, RMSI, paging, RAR, MSG4 and RRC signaling, are transmitted through initial DL BWP. The load of initial DL BWP would be heavier with the increment of camped devices. 
The reduced complexity of Redcap UE (e.g. with the reduced number of RX antennas) will cause the coverage loss. In order to improve the coverage, the network may adopt more resources for PDCCH and PDSCH, including:
· Transmit the broadcast channel with low coding rate.
· More repetitions.
And the load in initial BWP would be heavy.
To overcome this problem, one approach may be to use a specific initial BWP for the reduced capability UEs. This can be achieved, without impacting the existing UEs, by indicating a new set of initial BWP using the configuration information in the MIB.
Proposal 2: a specific initial BWP may be considered to reduce the load of initial BWP.
If the specific initial BWP is not configured to the reduced capability UEs, a UE switching to the dedicated BWP immediately after random access may be considered to offload UEs from initial BWP. In this case, the UE camps in the initial BWP for a very short time and the impact on the initial BWP is greatly reduced.


Figure 1: BWP switch timeline
Proposal 3: UE switching to the dedicated BWP immediately after random access procedure may be considered to offload UEs from initial BWP.
According to TS 38.321 BWP switching can be done with different mechanisms as listed below:
· RRC-based adaptation: Upon RRC (re-)configuration of firstActiveBWP-Id  for SpCell or activation of an SCell, the BWP indicated by firstActiveBWP-Id is active. 
· MAC CE (Control element): upon initiation of Random Access procedure, an implicit fallback to the initial BWP is performed.
· DCI-based adaptation: it is based on PDCCH channel where a specific BWP can be activated by BWP indicator in DCI Format 0_1 (UL Grant) and Format 1-1 (DL scheduling). 
· Timer-based implicit fallback to default BWP: if the UE is not explicitly scheduled with a BWP after the timer expires, it will automatically switch to the default BWP.

These BWP switching mechanisms are either too late or fallback to the initial BWP; therefore, the purpose of traffic offloading from the initial BWP is not achieved.

Observation 1: None of the existing BWP machine mechanisms can offload UEs from the initial BWP fast.
A mechanism is needed to enable UE to perform BWP switching operations quickly when the random access procedure is completed; for example, the gNB can provide an indication to the UE during the random access procedure. For the selection of target BWP, multiple factors can be considered comprehensively, such as the channel state of the candidate BWPs, and whether a specific resource configured (e.g. SSB resources, PRACH resources). 
Proposal 4: A BWP switch mechanism should be studied to switch UE from initial BWP to the dedicated BWP quickly.

2.2 Half-Duplex-FDD
A REDCAP UE in NR has two targets: one is to reduce UE capability and cost; the other is to save power. For reducing UE capability and cost, some methods are identified, such as reducing bandwidth, reducing Rx/Tx number, relaxing UE processing time/ capability, and adopting HD-FDD scheme. For power saving, as described in TR 38.840 [5] “Study on User Equipment (UE) power saving in NR”, suitable BWP bandwidth and adaption can obtain a significant power saving gain. Obviously, a RedCap UE should support both HD-FDD mode and a BWP switch scheme.
Proposal 5: RedCap UEs in HD-FDD mode should support BWP switching for power saving.
In HD-FDD mode, the UE simplifies RF implementation by replacing the duplexer with a switch so that the UE cannot simultaneously transmit and receive. When scheduling from DL-to-UL or UL-to-DL, the corresponding switching including RF switching must be executed and consume a finite duration.
According to TS 38.133, a UE shall finish BWP switching within the time duration TBWPswitchDelay defined in Table 8.6.2-1. That is, the UE should complete scheduling DCI processing, RF switching, new parameter application in TBWPswitchDelay slots. The UE is not required to transmit or receive signals and data duration BWP switching.
TS 38.133 Table 8.6.2-1: BWP switch delay
	
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1 slot (1ms)
	3 slot (3ms)

	1
	0.5
	2 slot (1ms)
	5 slot (2.5ms)

	2
	0.25
	3 slot (0.75ms)
	9 slot (2.25ms)

	3
	0.125
	6 slot (0.75ms)
	18 slot (2.25 ms)

	Note 1: Depends on UE capability.
Note 2: If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



Observation 2: BWP switching introduces a delay and involves RF switching.
For RedCap UEs, the cases of HD-FDD and BWP adaptation associations should be considered.
Both BWP switch and HD-FDD switch involve the adjustment of RF. Typically, these are different types of RF tuning; BWP switch normally refers to RF tuning in Tx or Rx only; HD-FDD refers to RF tuning with Tx-to-Rx or Rx-to-Tx. As mentioned above, it will take some amount of time to complete the switching procedure for both BWP switch and D/U switch.
Potential issues may happen during BWP switching with HD-FDD related DL/UL switch, and vice versa. For example, when the UE is on DL reception, DL BWP switch is triggered, but it cannot be completed before DL-to-UL switch (Figure 1). RAN1 should carefully study the potential issues.
[image: ]
Figure 1: Example of an incomplete BWP switch before D-to-U switch
Proposal 6: Study the impact of BWP adaptation on HD-FDD

3 Conclusion
In this contribution the following proposals and observations have been made:
Proposal 1: Study the maximum number BWPs for RedCap UEs.
Proposal 2: a specific initial BWP may be considered to offload UEs from initial BWP.
Proposal 3: UE switching to the dedicated BWP immediately after random access procedure may be considered to offload UEs from initial BWP.
Observation 1: None of the existing BWP machine mechanisms can offload UEs from the initial BWP fast.
Proposal 4: A BWP switch mechanism should be studied to switch UE from initial BWP to the dedicated BWP quickly.

Proposal 5: RedCap UEs in HD-FDD mode should support BWP switching for power saving.
[bookmark: _GoBack]Observation 2: BWP switching introduces a delay and involves RF switching.
Proposal 6: Study the impact of BWP adaptation on HD-FDD
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